Retrospective characterization of morphological and stereological features of altered hepatocellular foci (AHF) in hematoxylin & eosin (H&E)-stained sections was performed on 6 conventional 2-yr carcinogenicity studies conducted in Fischer 344 (F344) rats by the National Toxicology Program (NTP). In 3 of these studies where there was clear evidence of hepatocarcinogenicity [ 1 -amino-2,4dibromoanthraquinone (ADBAQ), C.I. Acid Red 1 14, methyl carbamatel, there was greater morphological variability in AHF than in the studies of chemicals that were not hepatocarcinogenic [4-hydroxyacctanilide, epinephrine, dimethoxane]. In addition to having the expected types of AHF, rats treated with ADBAQ, C.I. Acid Red 114, and methyl carbamate had atypical basophilic AHF. In addition, atypical eosinophilic AHF were present in rats treated with ADBAQ. Both types of atypical AHF showed a morphological spectrum and sequential changes suggesting they could develop into hepatocellular neoplasms. For the 3 liver tumor positive studies, there were doxand time-dependent increases in stereological parameters for the atypical as well as commonly occumng clear, vacuolated, and mixed cell AHF. Consistent stereological changes were not found for commonly occurring basophilic and eosinophilic AHF. Aside from some decreases in stereological measurements in some rats treated with 4-hydroxyacetanilide and epinephrine, there were no significant quantitative changes in AHF in the three liver tumor negative studies. These results show that hepatocarcinogens may induce unique types of AHF in conventional 2-yr carcinogenicity/toxicity studies in rats and may caux quantitative increases in commonly occurring clear, vacuolated, and mixed cell AHF. Such qualitative and quantitative changes are potentially useful predictors of hepatic neoplasia.
ally identified by a variety of histochemical procedures but they may also be observed in hematoxylin & eosin (H&E)-stained sections. Even though most AHF do not progress to hepatic neoplasms (2 1,4 1, 43,44, 50,69), they are induced by most classes of hepatocarcinogens and are generally regarded as "preneoplastic" lesions (1, 9, 17, 24, 71, 73, 74) .
Thus, the appearance of an increase in AHF subsequent or during treatment with a chemical agent is considered indicative of hepatocarcinogenic potential.
It has been proposed that increases in AHF detected in H&E-stained sections from conventional 2-yr rat carcinogenicity studies be used by regulatory agencies to help classify chemicals as carcinogens 690 (65). Specifically, basophilic AHF are regarded as particularly relevant to hepatocarcinogenesis (7,45, 47,7 1,73) in contrast to other morphological types of AHF. This opinion is apparently inconsistent with the observation that basophilic AHF occur at a high frequency in untreated rats that have a documented low spontaneous incidence of hepatocellular neoplasia (23, 27, 38, 4446, 52, 59, 65, 66) . At present, very little quantitative information is available with respect to the occurrence of AHF in H&E-stained sections in conventional 2-yr rat carcinogenicity & toxicity studies (38, 48, 52, 59) . This study was originally undertaken to gain some insight into the utility of using quantitative stereology to examine H&E-stained liver sections from interim sacrifices of 2-yr carcinogenicity studies for purposes of identifying hepatocarcinogenic chemicals and to help elucidate the biological significance of putatively "preneoplastic" AHF.
ATERI RIA IS AND METHODS Histological material from six 2-yr carcinogenicity studies previously conducted by the NTP was used for qualitative and quantitative assessment of AHF. For 3 of the studies [ l-amino-2,4-dibromoanthraquinone (ADBAQ), C.I. Acid Red 114, and methyl arbamate] there was clear evidence of hepatocarcinogenicity. Material from 3 liver tumor negative studies (4-hydroxyacetanilide, epinephrine, and dimethaoxane) was used for comparison. The protocol for the 2-yr carcinogenicity studies on these 6 chemicals is outlined in Table I . All studies were conducted between 198 1 and 1986 and had core groups of 50 male and 50 female Fischer 344 (F344) rats at each dose level plus additional rats for interim sacrifice intervals. The number of rats used for this retrospective study is indicated in Table 11 . All rats used for stereological analyses were free of leukemia or other systemic disease that might bias the study results. Paraffin blocks were obtained from the NTP Archives and were routinely sectioned and stained in one laboratory to maintain uniform histotechnique. Six micron paraffin sections were stained with H&E and selected additional sections were stained with toluidine blue, cresyl violet, andlor periodic acid-Schiff to further characterize AHF. AHF were classified as basophilic, eosinophilic, clear cell, vacuolated, or mixed cell foci based on previously published criteria (1, 7, 10, 19, 25, 28, 3 1,37,60). Because unique types of basophilic and eosinophilic AHF were observed in some of the studies, these were subclassified as atypical basophilic and atypical eosinophilic AHF. Quantitation ofAHF and subsequent statistical analyses were done as previously described (see Harada et al, this issue).
RESULTS

Hepatocarcinogenicity of Selected Chemicals
Chemicals were selected for this study on the basis of having one or more interim sacrifice intervals to permit the sequential study of AHF over time. AD-BAQ, C.I. Acid Red 114, and methyl carbamate had clear evidence of hepatocarcinogenicity in twoyear studies previously conducted by the NTP. Liver sections from 3 liver tumor negative studies (4hydroxyacetanilide, epinephrine, and dimethoxane) were also used in the present investigation. The liver tumor incidences for the 2-yr studies on these 6 chemicals are summarized in Table 111 .
Morphological Findings
AHF were classified into basophilic, clear, eosinophilic, vacuolated, and mixed cell types but within each category the morphological variability among AHF was much greater in the liver tumor positive studies (ADBAQ, C.I. Acid Red 114, and methyl carbamate) than in the liver tumor negative studies (4-hydroxyacetanilide, epinephrine, and dimethoxane). In addition, atypical basophilic AHF were observed around central veins or in the penportal areas in rats treated with ADBAQ, around the central vein in rats treated with C.I. Acid Red 114, and were randomly distributed in rats treated with methyl carbamate. Randomly distributed atypical eosinophilic AHF were observed in the rats treated with ADBAQ. These atypical AHF were present in addition to the more commonly observed basophilic, eosinophilic, clear cell, vacuolated, and mixed cell foci. Atypical AHF were not present in rats treated with the three liver tumor negative chemicals. Among 235 male and 251 female control rats examined in this study, less than 1% had atypical AHF resembling those observed in rats treated with AD-BAQ and C.I. Acid Red 114.
Tox~co~o~rc PATHOLOGY
Atypical basophilic AHF were readily differentiated from the commonly observed basophilic foci by their shape, their tendency to be localized in the hepatic lobule, and by their cytoplasmic basophilia and cytomorphological features. The hepatocytes comprising atypical basophilic AHF were of normal size or enlarged, the cytoplasm was strongly and/or homogeneously basophilic ( Figs. l-8) , sometimes hyperbasophilic ( Figs. 7, 8) , and nuclei were oAen enlarged with prominent nucleoli (Figs. 2, 4, 8) . While atypical basophilic AHF in the penportal areas were round to oval (Fig. 4) , those located elsewhere in the hepatic lobule were irregularly shaped and sometimes stellate (Figs. 3,s-7) . Atypical basophilic AHF showed a spectrum of morphological variations reflecting a possible continuum of development from small hyperbasophilic lesions to hepatocellular adenomas and carcinomas. In contrast, commonly occumng basophilic AHF, typically seen in control rats but also present in rats treated with all 6 chemicals, were round to oval, randomly distributed, comprised of hepatocytes that were smaller than normal, had darkly staining nuclear chromatin, and had a condensed and localized intracytoplasmic basophilia giving them a "tigroid" pattern.
The atypical basophilic AHF observed in rats treated with ADBAQ and C.I. Acid Red 114 were readily distinguished from the more typical basophilic AHF because of their cytomorphology and staining characteristics and because of their lobular localization, which appeared to be chemical specific. Unequivocal identification of atypical basophilic AHF in the rats treated with methyl carbarnate was more difficult because they were randomly distnbuted like the typical basophilic AHF and because there was a wide spectrum of morphological variations, with some atypical basophilic AHF deviating very little from the more commonly encountered basophilic AHF typically seen in control rats. Atypical eosinophilic AHF were frequently observed in rats treated with ADBAQ but were rarely present in rats treated with the other chemicals or in controls. They had homogeneously and intensely staining eosinophilic cytoplasm (Figs. 9, 10) admixed with basophilic staining. Nuclei contained little chromatin and were occasionally enlarged (Fig.  lo) . These unique focal lesions were sharply delimited and easily identified by their enlarged hepato- 
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subject to revision following peer review. ' Rau wen sacrificed or died prior to 18 months cytes and poorly discernible sinusoids. Hepatocellular adenomas comprised of similar hepatocytes were often observed in rats treated with ADBAQ.
Stereological Findings
Rats treated with the liver tumor positive chemicals (ADBAQ, C.I. Acid Red 114, and methyl car-bamate) had significant increases in number, size (data not shown), and volume fraction ofAHF. These increases were positively correlated with increasing dose and duration of exposure to chemical in both sexes. In contrast, there were no increases in AHF stereological parameters in rats treated with the liver tumor negative chemicals (4-hydroxyacetanilide, 
epinephrine, dimethoxane), and rats treated with 4-hydroxyacetanilide and epinephrine had reductions in some stereological measurements versus controls.
:IDR.-IQ. Significant increases in number. s i x (data not shown). and \.olumc fraction of atypical basophilic (locatcd both in ccntrilohular and pcriportal arcas). at! pica1 cosinophilic. and clcar ccll AHF were correlated with the dose and duration of exposure to ADBAQ in both sexes (Tables IV to  IX) . Among dosed rats in which atypical basophilic and atypical eosinophilic AHF occurred, these atypical AHF were more numerous in females but occupied a greater volume fraction in males. Other types of AHF were generally increased in number, size and volume fraction in dose males and females. The number of AHF in the higher dose groups (1 .O and 2.00/0) showed a decreasing trend over time correlating with the occurrence of liver tumors in the animals selected for AHF evaluation (Table 11 ). For commonly occumng basophilic and eosinophilic AHF there were no treatment-related changes in stereological parameters (Tables IV to VII) . In control rats from the ADBAQ study, females had more and larger commonly occurring basophilic AHF that occupied a larger volume fraction of the liver than in males. Control males had more clear cell foci than females.
C.I. Acid Red 114. Rats treated with C.I. Acid
Red 1 14 had dose-and time-related increases in number, size (data not shown), and volume fraction of atypical basophilic and clear cell AHF in both sexes (Tables X and XI) . Commonly occumng basophilic AHF were observed to be larger (data not shown) and had a greater volume fraction in treated versus control rats of both sexes at each time period examined (Table X) . However, the number of the commonly occumng basophilic AHF showed no clear and consistent changes in treated versus control rats. Eosinophilic, vacuolated, and mixed cell AHF were more numerous and occupied a greater volume fraction in higher dose treated groups than in controls at each time point examined (Tables XI  and XII) . Females generally had more and larger Methyl Carbumale. Because of the difficulty in unequivocally distinguishing atypical from commonly occumng basophilic AHF in the methyl carbamate treated rats, these AHF were included together as basophilic AHF in the stereological analyses. At 12 months, rats treated with 400 mg/ kg of methyl carbamate had more numerous AHF of all types except for basophilic AHF in females (Table XIII) , and all types of AHF occupied a larger volume fraction of liver in treated versus control rats (Table XIV) . AT 24 months, rats treated with 200 mg/kg methyl carbamate had more AHF of all types except for vacuolated AHF in males (Table   XIII) , and the volume fraction was generally sig-nificantly greater in treated rats except for vacuolated AHF in males (Table XIV) .
4-Hydroxyacet anilide, Epinephrine, and Dimet h -
oxane. Significant quantitative stereological changes
were observed in rats treated with 4-hydroxyacetanilide and epinephrine but none were observed in the dimethoxane study (data not shown). In the 4-hydroxyacetanilide study, the mean volume of basophilic AHF was less in dosed females than in controls at 15 months (data not shown). At 24 months, basophilic AHF were less numerous in dosed rats of both sexes than in corresponding controls ( Table   X V ) . In addition, the mean volume ofclear cell AHF in treated females was less than in the controls (data not shown). In the epinephrine study, basophilic AHF were less numerous and occupied a smaller volume fraction in dosed females at 24 months (Ta- 
